energetic ingredients into the fuel, the suppression of combustion instability; and the optimization of engine components.
Scientists from Japan, USA, China, France, Australia, South Korea and Italy have contributed to make this Special Issue an amazing collection of papers drawing a picture of the state of the art. I am honored to present twelve excellent articles from some of the most accredited scholars active in the sector as well as from emerging research organizations covering a wide range of topics, which encompass nearly all the subjects just listed above, from fundamental research to real-world applications.
Three review papers appear in the Special Issue; Marquardt and Majdalani [10] revise the Marxman's classical diffusion-limited regression rate model with the purpose of complementing the existing literature, providing a unique combination of detail and brevity that will be appreciated by newcomers entering the field. The development of accurate simulations of reacting flows incorporating the capability of modeling the fuel surface regression poses significant challenges for computational methods, and the article from Di Martino et al. [11] is concerned with the application of computational thermo-fluid-dynamics to the simulation of the internal ballistics of rockets burning either standard polymeric or liquefying fuels; finally, Chen et al. [12] conducted an excellent survey of several innovative methods under testing to improve the solid fuels' combustion properties, presenting a number of experimental results.
Three research papers address particularly innovative themes in the hybrid rocket literature: the article from Messineo and Shimada [13] is centered around a non-conventional engine configuration where the oxidizer injection in the fuel port is split in two separated streams: one of which is axial and the other is tangential with the idea of controlling, independently, both the injected flow rates to optimize the mixture ratio with a given thrust profile. A theoretical investigation into the feedback control of hybrid rocket engines is, thus, addressed; Casalino et al. [14] examined the viability of an electrically driven pump-fed hybrid rocket for small launcher upper stages of the Vega class, demonstrating that it can be a suitable option for the replacement of the conventional pressurized gas feed system. The third paper from Moon et al. [15] reports on an assessment of a hybrid rocket for underwater propulsion, suggesting that the throttleable hybrid engine could be an effective candidate for a short-duration, high-speed marine boosting device as an alternative to the solid propulsion system.
The remaining research articles deal with more standard topics, yet are well deserving of attention. They focus on the scaling up problem, the CFD modeling of the regression rate, the application of ballistic reconstruction methods to the engine performance evaluation and the effect of energetic ingredients to improve the regression rate. Experimental results from a number of firings of a paraffin-based, 1 kN thrust rocket are discussed by Battista et al. [16] ; the results of numerical simulations carried out with an ad-hoc CFD code are reported by Bianchi et al. [17] for the high-density polyethylene regression rate calculation, highlighting the influence of the gas-phase radiation contribution to the total heat flux to the surface; some preliminary data from small-scale static firings of 3D printed fuel grains made by several materials are shown in [18] , by Mc Farland and Antunes; the experimental performance data acquired from a hybrid rocket fed by nitrous oxide and high density polyethylene for the application to an apogee kick motor were treated by Kamps et al. [19] . Regression rate and mass burning rate obtained with the addition of nano-or micron-sized aluminum powders and oxidizer-containing fuel-rich composites to HTPB (Hydroxyl-terminated Polybutadiene) are investigated in comparison to the baseline pure fuel in the paper of Paravan [20] .
Finally, the subject analyzed by Whitmore [21] in the twelfth paper, which at the moment of this foreword is still on the publication path, is the investigation into a fluid blend of nitrous oxide and gaseous oxygen as a significantly safer and higher volumetrically-efficient alternative for the current generation of environmentally-unsustainable spacecraft propellants.
The first article appearing in this issue was published on 6 March 2019, whereas the last was just a few days ago; since then, from the MDPI articles' access metrics service, one can see a continuous increase of interest in the papers, with peak numbers of about 1300 downloads and 2000 views per article. The latter data are extremely encouraging and, considering the relatively small competent community compared to the solid and liquid propulsion groups, make us hope one day soon we will see large-scale development of hybrid rocket engines.
